Electrophysiological analysis of the substrate selectivity of a sodium-coupled nucleoside transporter (rCNT1) expressed in Xenopus laevis oocytes.
Nucleoside transporters that mediate cellular uptake of therapeutic nucleoside analogs are major determinants of the pharmacokinetic properties of these compounds. Understanding the substrate selectivity of these transporters is critical in the development of therapeutic nucleoside analogs with optimal pharmacokinetic properties, including high oral bioavailability and tissue-specific distribution. In general, substrate selectivity of nucleoside transporters has been evaluated indirectly by inhibition studies. The purpose of this study was to directly measure the transport of nucleoside analogs by the sodium-coupled pyrimidine-selective transporter rCNT1 using electrophysiology methods. We used a two-electrode voltage clamp assay to investigate the substrate selectivity of rCNT1; 19 structurally diverse nucleosides and nucleoside analogs were studied. Uridine-induced currents in voltage-clamped oocytes expressing rCNT1 were sodium-, voltage-, and concentration-dependent (K(0.5) = 21 microM), and were blocked by adenosine. Uridine-induced currents increased approximately 5-fold upon hyperpolarization of membrane potential from -10 to -150 mV. Uridine, thymidine, and cytidine induced currents in rCNT1-expressing oocytes, whereas guanosine, inosine, and adenosine did not. Uridine, deoxyuridine, and cytidine analogs with modifications at the 3-, 4-, or 5-position were found to be substrates of rCNT1, whereas uridine and cytidine analogs modified at the 6-position were not. In addition, it was found that the 5'-hydroxyl group of the sugar is not required for transport by rCNT1. These results enhance our understanding of the structural basis for substrate selectivity of nucleoside transporters and should prove useful in the development of therapeutic nucleoside analogs.